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Abbreviations 

3D 

Three  dimensional 

ANOVA 

One-Way  Analyses  of  Variance 

CAD/CAM 

Computer-aided  design/Computer-assisted  manufacturing 

CDT 

Common  Dental  Terminology 

DENCAS 

Dental  Common  Access  System 

DTF 

Dental  treatment  facilities 

DWV 

Dental  Weighted  Values 

FY 

Fiscal  Year 

ODR 

Operational  dental  readiness 

PFM 

Porcelain  Fused  to  Metal 

PPM 

Personnel  per  month 
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Executive  Summary 


Background:  The  primary  mission  of  Navy  Dentistry  is  maintaining  a  high  state  of  operational 
dental  readiness  to  reduce  avoidable  dental  emergencies  for  deployed  sailors  and  marines.  Dental 
Computer-aided  design/Computer-assisted  manufacturing  (CAD/CAM)  systems  are  potentially 
useful  tools  for  increasing  dental  readiness  in  a  timely  manner  with  high  quality  clinical  results. 
The  placement  rates  of  CAD/CAM  restorations  were  tracked  starting  October  2011  but  have  not 
been  evaluated  to  determine  the  usage  by  Navy  dental  providers. 

Objective:  This  report  will  review  and  evaluate  the  placement  rate  by  Navy  dentists  of  digitally 
fabricated  in-office  ceramic  restorations  compared  to  traditional  direct  restorations  or  indirect 
restorations  fabricated  in  the  laboratory. 

Methods:  Using  the  Dental  Common  Access  System  to  access  dental  procedure  code  counts, 
researchers  analyzed  monthly  rates  for  dental  procedures  associated  with  CAD/CAM  and 
traditional  laboratory  fabricated  restorations  recorded  from  January  2008  until  July  2015.  Using 
multiple  linear  regression  to  control  for  seasonality,  the  change  in  the  monthly  placement  rate 
was  calculated  for  10,000  personnel  per  month  (PPM). 

Results:  Overall,  coronal  coverage  restorations  dropped  between  October  2011  and  July  2015 
(-0.450  PPM,  p<0.001),  which  can  primarily  be  attributed  to  the  decreases  in  4+  surface 
amalgam  restorations  (-0.407  PPM,  p  <0.001)  and  porcelain  fused  to  metal  restorations  (-0.158 
PPM,  p<0.001).  In  contrast,  monthly  ceramic  and  CAD/CAM  restoration  placement  rates 
increased  significantly  (0.050  PPM,  p  <  0.001)  and  (0.083  PPM,  p<0.0001),  respectively.  While 
metal  crown  placements  decreased  significantly  (p  =  0.021),  the  impact  was  rather  small  (-0.019 
PPM) 

Conclusions:  The  increase  in  CAD/CAM  and  ceramic  restorations  provides  a  glimpse  into  a 
larger  trend  in  Navy  dentistry,  more  aesthetically  appealing  restorations  being  placed  in  lieu  of 
more  traditional,  less  aesthetic  restorations.  Navy  Dentistry  has  embraced  the  role  of  CAD/CAM 
systems  in  the  provision  of  dental  care  to  Navy  and  Marine  Corps  service  members  in  order  to 
meet  operational  and  mission  objectives.  Further,  the  number  of  CAD/CAM  restorations  is  likely 
to  increase  over  the  next  few  years. 
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Introduction 


The  primary  mission  of  Navy  Dentistry  is  maintaining  a  high  state  of  operational  dental 
readiness  (ODR)  to  reduce  avoidable  dental  emergencies  for  deployed  sailors  and  marines1. 
Dental  Computer-aided  design/Computer-assisted  manufacturing  (CAD/CAM)  systems  are 
potentially  useful  tools  for  increasing  dental  readiness  in  a  timely  manner  with  high  quality 
clinical  results.  In  the  military  traditional  indirect  restorations,  such  as  a  crown  which  covers  an 
entire  tooth,  are  typically  sent  to  regional  dental  laboratories  with  a  turn-around  time  of  usually 
four  to  six  weeks  .  Longer  lab  processing  times  equate  to  longer  periods  of  time  that  the  active 
duty  personnel  remain  in  a  non-deployable  status.  In  addition,  temporary  restorations,  which  are 
used  to  cover  the  prepared  portion  of  the  tooth  and  to  maintain  normal  function  prior  to  the 
delivery  of  permanent  restorations,  are  prone  to  dislodgment  or  fracture  when  left  in  place  for 
extended  periods.  This  creates  unnecessary  burdens  for  sailors,  marines  and  the  overall  military 
healthcare  system3.  Chairside  milled  CAD  restorations  can  be  delivered  at  a  single  visit4,  which 
may  dramatically  improve  dental  readiness  and  deployability  status  for  sailors  and  marines  and 
their  respective  units. 

Dental  restorative  materials  to  replace  missing  tooth  structure  or  the  whole  tooth  can  be 
broadly  categorized  as  direct  or  indirect.  Direct  restoration  involves  placing  restorative  materials, 
such  as  dental  amalgam  and  resin-based  composites,  directly  into  the  preparation  of  the  tooth 
cavity,  which  usually  can  be  accomplished  in  a  single  visit.  Due  to  the  compressive  strength  of 
dental  amalgam  restorations,  these  direct  restorations  served  ideally  as  restorative  material  in 
posterior  teeth  and  as  a  replacement  for  coronal  (crown)  tooth  structure.  Indirect  restorations  are 
typically  placed  when  a  large  amount  of  tooth  structure  needs  to  be  replaced  or  a  full-coverage 
restoration  is  required  to  protect  the  tooth.  General  categories  of  indirect  restorations  include 
crowns,  onlays,  and  veneers  using  restorative  materials  that  range  from  all-ceramic  and  metal- 
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ceramic  hybrids  to  cast-gold  alloys.  In  order  to  complete  the  traditional  indirect  laboratory- 
fabricated  restoration,  an  impression  of  the  prepared  tooth  is  taken  using  an  elastomeric  material 
and  a  provisional  restoration  is  prepared  to  protect  the  tooth.  The  provisional  restoration, 
required  due  to  the  time  required  to  fabricate  the  restoration  in  the  laboratory,  is  typically  made 
of  resin  or  acrylic  and  is  only  intended  to  survive  for  several  weeks.  Once  the  final  restoration 
has  been  fabricated,  the  patient  is  appointed  and  the  restoration  permanently  bonded  with  a 
cement  system.  The  procedure  usually  involves  at  least  two  visits  to  the  dental  office.5 

A  CAD/CAM  system  utilizes  digital  technology  for  scanning,  designing,  developing,  and 
producing  a  dental  restoration  or  prosthesis.  The  scanning  device  converts  the  shape  of  the 
prepared  teeth  into  three  dimensional  (3D)  units  of  information  that  are  used  by  software  to 
translate  the  information  into  a  3D  map.  The  operator  designs  a  restoration  shape  using  the 
CAD/CAM  system  software  to  generate  a  tool  path.  The  tool  path  allows  the  chairside  or 
laboratory  based  milling  device  to  grind  and  shape  a  pre-selected  dental  porcelain  block  into  a 
final  restoration  with  the  desired  geometry  that  is  ready  to  be  placed  onto  the  tooth.  With  the 
development  of  CAD/CAM  technology,  indirect  restorations  can  now  be  completed  chairside  in 
a  single  visit,  without  the  need  for  a  provisional  restoration.6 

CAD/CAM  dentistry,  with  its  improved  ease  of  use,  allows  dentists  in  many  cases  to 
provide  high  quality  aesthetic  treatment  to  patients  in  a  single  setting,  avoid  long-term 
temporization  of  the  prepared  tooth,  and  positively  impact  the  military  member’s  ODR.  The 
greatest  advantage  of  CAD/CAM  is  the  single  appointment  concept  where  the  tooth  is  prepared, 
an  optical  impression  taken,  the  restoration  is  virtually  designed,  milled,  customized  and 
delivered  all  in  one  sitting.  This  eliminates  several  clinical  steps  which  are  time  consuming  and 
invasive,  as  well  as  the  traditional  technique  sensitive  and  labor  intensive  laboratory  procedures. 
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This  report  will  review  and  evaluate  the  placement  rate  by  Navy  dentists  of  digitally  fabricated 
in-office  ceramic  restorations  compared  to  traditional  direct  restorations  or  indirect  restorations 
fabricated  in  the  laboratory. 
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Prosthodontics  of  the  Academy  of  Fixed  Prosthodontics.  J  Prosthet  Dent  2003;90(5):474-97. 
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2006;137(2):235-6,  38. 
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6.  Freedman  M,  Quinn  F,  O'Sullivan  M.  Single  unit  CAD/CAM  restorations:  a  literature  review. 
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7.  Guichet  D.  Digitally  enhanced  dentistry:  the  power  of  digital  design.  J  Calif  Dent  Assoc 
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Methods 


All  dental  procedures  completed  by  US  Navy  dentists  at  Navy  and  Marine  Corps  dental 
treatment  facilities  (DTFs)  are  recorded  in  the  Dental  Common  Access  System  (DENCAS). 
Procedure  codes  entered  into  DENCAS  to  track  productivity  are  based  on  the  Department  of 
Defense  Common  Dental  Terminology  (CDT)  Dental  Procedure  Codes  and  Dental  Weighted 
Values  (DWV).  Using  DENCAS  to  access  dental  procedure  code  counts,  researchers  analyzed 
monthly  totals  for  dental  procedures  associated  with  CAD/CAM  and  traditional  laboratory 
fabricated  restorations  recorded  from  January  2008  until  July  2015.  Dental  procedure  codes  for 
4+  surface  amalgams  were  also  included  in  the  analysis  as  these  restorations  often  serve  similar 
functions,  coronal  coverage  and  cusp  replacement,  as  CAD/CAM  and  traditional  indirect 
restorations.  Table  1  summarizes  the  DENCAS  codes  which  were  used  for  the  study.  Individual 
CDT  codes  were  grouped  into  categories  designated  as  CAD/CAM,  Amalgam,  Onlay, 
Ceramic/Resin,  Porcelain  Fused  to  Metal  (PFM),  or  Metal  Crown. 

Data  analyzed  in  this  study  incorporated  placement  rates  of  traditional  direct  restorations 
and  indirect  laboratory  fabricated  restorations  since  January  2008  and  CAD/CAM  restoration 
placement  rates  since  October  2011.  Monthly  totals  were  tabulated  for  each  general  CDT  code 
category  listed  in  Table  1  and  summarized  in  Table  2  as  an  average  of  monthly  placement  rates 
per  fiscal  year  (FY)  and  reported  with  standard  deviations.  Monthly  placement  rates  were 
calculated  as  the  total  number  of  restorations  in  a  given  month  divided  by  the  Navy  and  Marine 
Corp  active  duty  service  member  population  number  acquired  from  the  Defense  Manpower  Data 
Center.  Only  three-fourths  of  FY  2008  data  were  included  due  to  the  limitations  of  the  procedure 
code  database.  Due  to  the  limited  amount  of  onlay  procedures  completed,  monthly  placement 
rates  were  not  presented  in  Table  2.  For  each  general  CDT  code  category,  one-way  Analyses  of 
Variance  (ANOVAs)  with  significance  levels  defined  as  a=0.05  tested  for  significant  differences 
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between  FY  monthly  average  placement  rates.  Independent  two-sample  /-tests  with  significance 
set  at  a=0.05  compared  general  category  monthly  average  placement  rates  for  the  time  periods  of 
January  2008-October  2011  and  October  2011-July  2015  (before/after  documentation  of 
CAD/CAM  placements).  All  placement  rates  were  given  as  per  10,000  personnel  per  month 
(PPM). 

Scatterplots  of  monthly  placement  rates  were  created  for  all  coronal  coverage  restorations 
combined  and  for  each  general  category  and  overlaid  with  a  simple  linear  regression  line  with  a 
respective  95%  confidence  interval  (Figures  1-4).  To  control  for  seasonality  occurring  in  the 
data,  multiple  linear  regression  was  performed  using  a  categorical  variable  which  split  each  year 
into  seasonal  quarters.  As  CAD/CAM  was  not  introduced  until  the  first  fiscal  quarter  of  2012, 
regression  analysis  was  completed  only  on  data  reported  from  October  2011  to  July  2015  with 
the  exception  that  the  total  placement  rate  is  examined  both  from  January  2008  to  July  2015  and 
from  October  2011  to  July  2015.  Using  multiple  linear  regression,  monthly  change  in  the 
placement  rates  are  reported  with  their  respective  95%  confidence  intervals  and  P-values  in 
Table  3.  The  Coefficient  of  Determination  (r  )  was  also  calculated  and  reported  in  Table  3  in 
order  to  demonstrate  the  approximation  of  the  regression  line  to  the  real  data  points.  Regression 
results  for  the  seasonality  variable  are  not  shown. 

This  study  was  reviewed  by  the  Naval  Medical  Research  Unit  San  Antonio  Institutional 
Review  Board  and  determined  not  to  involve  human  subject  research.  Statistical  analysis  was 
conducted  using  SAS  v9.4  and  R  version  3.3.3. 
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Table  1:  Codes  on  Dental  Procedures  and  Nomenclature  (CDT) 
of  Milled  &  Non-Milled  Restorative  Procedures 


Procedure 

General  Category 

A2642  Onlay  -  chairside  milled  porcelain/ceramic  -  two  surfaces 

CAD/CAM 

A2643  Onlay  -  chairside  milled  porcelain/ceramic  -  three  surfaces 

A2644  Onlay  -  chairside  milled  porcelain/ceramic  -  four  or  more  surfaces 

A2662  Onlay  -  chairside  milled  composite  CAD/CAM  -  two  surfaces 

A2663  Onlay  -  chairside  milled  composite  CAD/CAM  -  three  surfaces 

A2664  Onlay  -  chairside  milled  composite  CAD/CAM  -  four  or  more  surfaces 

A2740  Crown  -  chairside  milled  porcelain/ceramic 

D2161  Amalgam  -  four  or  more  surfaces 

Amalgam 

D2542  Onlay  -  metallic  -  two  surface 

Onlay 

D2543  Onlay  -  metallic  -  three  surface 

D2544  Onlay  -  metallic  -  four  or  more  surfaces 

D2642  Onlay  -  porcelain/ceramic  -  two  surfaces 

D2643  Onlay  -  porcelain/ceramic  -  three  surfaces 

D2644  Onlay  -  porcelain/ceramic  -  four  or  more  surfaces 

D2662  Onlay  -  resin-based  composite  -  two  surfaces 

D2663  Onlay  -  resin-based  composite  -  three  surfaces 

D2664  Onlay  -  resin-based  composite  -  four  or  more  surfaces 

D27 10  Crown  -  resin-based  composite  (indirect) 

Ceramic/Resin 

D2712  Crown  -  %  resin-based  composite  (indirect) 

D2740  Crown  -  porcelain/ceramic  substrate 

D2750  Crown  -  porcelain  fused  to  high  noble  metal 

PFM 

D2751  Crown  -  porcelain  fused  to  predominantly  base  metal 

D2752  Crown  -  porcelain  fused  to  noble  metal 

D2790  Crown  -  full  cast  high  noble  metal 

Metal  Crown 

D2791  Crown  -  full  cast  predominantly  base  metal 

D2792  Crown  -  full  cast  noble  metal 
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Results 


Average  monthly  coronal  coverage  restoration  placement  rates  for  FY  2008  through  FY 
2015  are  reported  in  Table  2.  Data  were  not  available  for  CAD/CAM  restorations  prior  to  FY 
2012  as  these  restoration  types  were  not  tracked  until  October  2011. 

Coronal  coverage  restoration  monthly  placement  rate  data  acquired  from  DENCAS  from 
January  2008  until  July  2015  demonstrated  annual  seasonal  patterns  of  low  and  high  monthly 
placement  rates.  Peak  monthly  placement  rates  occurred  during  the  spring  and  summer  months 
and  off-peak  rates  occurred  during  the  fall  and  winter  months.  After  controlling  for  this 
seasonality  through  multiple  linear  regression,  the  rate  of  coronal  coverage  restorations  placed  or 
delivered  by  Navy  dentists  per  10,000  PPM  significantly  declined  (r2=  0.553,  PPM=  -0.187, 
p<0.0001)  from  January  2008  to  July  2015  (Figure  1,  Table  3).  Further,  when  examining  this 
same  rate  for  only  after  CAD/CAM  placements  began  in  October  2011,  this  decline  is  amplified 
(r2=  0.589,  PPM=  -0.450,  p<0.0001)  (Figure  2,  Table  3).  Total  coronal  coverage  restoration 
monthly  placement  rates  peaked  in  April  2008  with  65.00  per  10,000  and  declined  to  a  low  of 
31.90  per  10,000  in  November  2014. 

The  majority  of  the  decline  between  October  2011  and  July  2015  can  be  attributed  to 
significant  decreases  in  placement  rates  of  4+  surface  amalgam  restorations  (r2=  0.7809,  PPM=  - 
0.407,  p<0.0001)  (Figure  2,  Table  3)  and  PFMs  (r2=  0.8035,  PPM=  -0.158,  p<0.0001)  (Figure  2, 
3,  Table  3).  The  greatest  monthly  placement  rate  of  amalgam  restorations  was  39.95  PPM  in 
April  2008  and  the  lowest  was  11.81  PPM  in  February  2015.  Similarly,  the  rate  of  PFM 
restorations  peaked  in  April  2009  (15.62)  and  bottomed  in  November  2014  (4.08).  Further, 
average  monthly  placement  rates  of  PFM  restorations  differed  significantly  when  comparing  the 
periods  of  data  collection  before  and  after  October  2011  (12.42  ±  1.58,  8.27  ±  2.40,  p  <  0.001) 
(Table  2). 
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When  comparing  metal  crown  restoration  rates  before  and  after  CAD/CAM  restorations 
were  tracked  by  the  Navy  (October  2011),  there  was  no  significant  difference  in  average  monthly 
placement  rates  (6.28  ±  0.80,  6.22  ±  0.93,  p=0.768)  (Table  2).  However,  metal  crown  restoration 
monthly  placement  rates  decreased  significantly  between  October  2011  and  July  2015  (r  = 
0.469,  PPM  =  -0.019,  p=0.021).  (Figure  3,  Table  3) 

In  contrast  to  the  overall  decline  of  coronal  coverage  restorations  being  placed  between 
October  2011  and  July  2015,  monthly  ceramic  restoration  placement  rates  increased  significantly 
(r2=  0.439,  PPM  =  0.050,  p<0.0001)  (Figure  4,  Table  3).  Average  monthly  ceramic  placement 
rates  increased  significantly  after  October  201 1  (4.71  ±  1.27,  5.80  ±  1.44  p=0.002)  (Table  2). 
Similarly,  since  the  inception  of  tracking  CAD/CAM  restoration  procedures  in  October  2011, 
monthly  CAD/CAM  placement  rates  demonstrated  a  significant  steady  increase  (r  =  0.6776, 

PPM  =  0.083,  p<0.0001)  (Figure  3,  4  Table  3). 
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Table  2:  Average  of  Monthly  Placement  Rates  of  Milled  and  Various  Restorations  Procedures  Per 
Fiscal  Year  Period 


CAD/CAM* 

PFM*f 

Ceramic*f 

Metal 

Amalgam*! 

Total  (Ave)* 

FY  2008 

- 

13.86(0.98) 

3.65  (1.53) 

6.36  (0.76) 

35.15  (1.97) 

59.36  (3.01) 

FY  2009 

- 

12.76(1.51) 

4.51  (1.12) 

6.11  (0.86) 

31.57  (2.00) 

55.39  (4.59) 

FY  2010 

- 

11.82(1.20) 

4.82  (0.85) 

6.15(0.86) 

29.19(2.82) 

52.68  (4.93) 

FY  2011 

- 

11.59(1.60) 

5.60  (0.98) 

6.51  (0.74) 

28.86(2.05) 

52.98  (4.04) 

CADCAM  Data  Collection  Initiated  in  1st  Quarter  FY  2012 

FY  2012 

3.67(1.31) 

11.02(1.39) 

5.00  (0.79) 

6.74  (0.91) 

27.99  (1.93) 

54.58  (4.30) 

FY  2013 

4.97(1.11) 

9.30(1.08) 

5.62(1.07) 

6.06  (0.88) 

26.78  (2.69) 

52.86  (4.89) 

FY  2014 

5.38  (0.70) 

6.46(1.08) 

5.78  (0.86) 

5.88  (0.43) 

18.26  (4.22) 

41.91  (6.01) 

FY  2015 

6.86(1.40) 

5.90(1.25) 

7.01  (2.19) 

6.22  (1.24) 

15.08  (2.30) 

41.27  (7.36) 

*/;<(). 05,  Comparing  Differences  in  FY 
t  p<0.05,  Comparing  FY08-1 1  vs.  FY12-15 
Rate  =  per  10,000  personnel  per  month 
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Table  3:  Change  in  Monthly  Utilization  Rates  by  PPM  and  Corresponding  95%  CIs 


Procedure 

A 

PPM 

95%  Cl 

P  value 

Coefficient  of 
Determination  (r) 

Total 

(January  2008  -  July  2015) 

-0.187 

(-0.230.  -0.145) 

<0.001 

0.523 

Total 

(October  2011  -  July  2015) 

-0.450 

(-0.576.  -0.324) 

<0.001 

0.589 

Amalgam 

-0.407 

(-0.476.  -0.338) 

<0.001 

0.780 

PFM 

-0.158 

(-0.183.  -0.132) 

<0.001 

0.804 

Metal 

-0.019 

(-0.035.  -0.003) 

0.021 

0.469 

Ceramic 

0.050 

(0.024,  0.076) 

<0.001 

0.439 

CAD/CAM 

0.083 

(0.062,  0.1035) 

<0.001 

0.678 

Each  row  represents  a  separate  linear  regression  using  both  time  and  season  as  covariates.  Seasonal 
covariates  are  not  reported. 
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Time 


Figure  1:  Coronal  coverage  restorations  placement  rates  per  10,000  personnel  per  month 
(PPM)  overlaid  with  simple  linear  regression  line  and  corresponding  95%  Cl  (Jan.  2008  - 
July  2015). 
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Figure  2:  All  coronal  coverage,  4+  surface  amalgam,  and  PFM  restoration  placement  rates 
per  10,000  personnel  per  month  (PPM)  overlaid  with  simple  linear  regression  line  and 
corresponding  95%  Cl  (October  2011  -  July  2015). 
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Time 

Figure  3:  PFM,  Metal,  and  CAD/CAM  restoration  placement  rates  per  10,000  personnel 
per  month  (PPM)  overlaid  with  simple  linear  regression  line  and  corresponding  95%  Cl 
(October  2011  -  July  2015). _ 
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Figure  4:  Full  coverage  Ceramic/Resin  and  CAD/CAM  restoration  placement  rates  per 
10,000  personnel  per  month  (PPM)  overlaid  with  simple  linear  regression  line  and 
corresponding  95%  Cl  (October  2011  -  July  2015). 
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Discussion 


Data  accessed  from  DENCAS  and  analyzed  in  this  study  reveal  that  CAD/CAM 
restoration  monthly  placement  rates  have  increased  since  the  Navy  started  tracking  production  in 
October  2011.  This  increase  in  the  rate  of  CAD/CAM  restorations  completed  by  Navy  dentists 
stands  in  stark  contrast  to  the  overall  declining  placement  rate  of  coronal  coverage  dental 
restorations.  Even  with  increasing  placement  rate  trends,  CAD/CAM  restorations  represented 
only  about  16.6%  of  all  coronal  coverage  restorations  in  FY  2015,  the  FY  with  the  highest 
average  monthly  CAD/CAM  restoration  completion  rates.  During  the  same  FY,  traditional 
coronal  coverage  restorations  -  4+  surface  amalgams,  metal  crowns,  and  PFMs  -  accounted  for 
36.5%,  15.1%,  and  14.3%,  respectively,  of  all  coronal  coverage  restorations  completed.  Together 
these  traditional  restorations  represented  the  majority  of  coronal  coverage  restorations  placed. 
Despite  their  relatively  small  contribution  to  the  overall  amount  of  coronal  coverage  restorations 
being  completed,  the  increase  of  CAD/CAM  restorations  placed  reflect  a  growing  acceptance  by 
Navy  providers  of  CAD/CAM  systems  and  their  benefits. 

The  increase  in  CAD/CAM  restorations  provides  a  glimpse  into  a  larger  trend  in  Navy 
dentistry,  more  aesthetically  appealing  restorations  being  placed  in  lieu  of  more  traditional  less 
aesthetic  restorations.  While  PFMs  are  considered  an  aesthetic  coronal  coverage  restoration,  they 
are  slowly  losing  favor  to  faster  and  similarly  aesthetic  CAD/CAM  restorations.  Compared  to 
traditional  fabrication  time  frames  (two  or  more  weeks)  Navy  dentists  can  now  complete,  in  one 
appointment,  coronal  coverage  restorations  that  show  similar  life  cycles  to  traditional  laboratory 
fabricated  indirect  restorations  and  are  aesthetically  pleasing. 

In  contrast  to  increases  in  aesthetic  coronal  coverage  restoration  placement  rates  and 
decreases  in  PFM  and  4+  surface  amalgam  placement  rates,  average  monthly  metal  crown 
placement  rates  remained  fairly  consistent  each  FY.  While  our  data  showed  a  statistically 
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significant  decrease  in  the  rate  of  metal  crown  placements,  the  effect  was  rather  small.  With  a 
change  of  -0.019  placements  per  month,  we  expect  to  see  only  one  less  metal  crown  placement 
every  five  years  per  10,000  personnel.  This  suggests  that  metal  crowns  continue  to  fulfill  a  basic 
need  in  Navy  dentistry.  Furthermore,  it  is  impossible  from  this  study  to  clarify  the  relationship 
between  PFM  placement  rate  decreases  and  CAD/CAM  increases. 

One  could  argue  that  since  it  has  been  shown  that  CAD/CAM  indirect  dental  restorations 
are  now  a  viable  and  predictable  alternative  to  traditional  dental  treatment  methods,  the  rapidity 
of  CAD/CAM  fabrication  has  persuaded  many  dentists  to  prefer  using  a  CAD/CAM  system. 
Additionally,  Navy  dentistry  has  embraced  CAD/CAM  technology  and  deployed  these  systems 
on  multiple  naval  platforms  including  ships.  Dental  clinic  directors  or  individual  practitioners 
may  appreciate  the  potential  to  reduce  patient  waiting  times  and  the  positive  effect  on  dental 
readiness  and  deployability  status  for  sailors  and  marines.  The  CAD/CAM  system  is  particularly 
useful  when  sailors  and  marines  are  deployed  globally.  With  the  easy  storage  and  transition  of 
digital  impression  and  design,  the  restorations  can  be  readily  re-done  at  different  DTFs  or 
platforms.  Whether  these  two  factors,  viable  alternative  restoration  or  effect  on  patient  readiness 
and  deployability,  are  causing  the  shift  in  dental  practices  from  traditional  PFM  restorations  to 
CAD/CAM  restorations  cannot  be  determined  from  this  study. 

Increased  CAD/CAM  utilization  in  the  Navy  will  continue  to  be  limited  by  various 
factors  associated  with  CAD/CAM  systems.  First,  many  dentists  are  not  trained  in  the  use  of  the 
technology  and  must  overcome  a  learning  curve  to  be  able  to  provide  efficient  treatment.  Second, 
implementation  of  CAD/CAM  systems  in  small  clinics  with  limited  need  for  coronal  coverage 
restorations  may  not  be  cost  effective.  Third,  not  every  coronal  coverage  case  is  ideally  treated 
with  milled  restorations.  These  limiting  factors  can  help  explain  the  small  contribution 
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percentage  of  CAD/CAM  restorations  to  the  total  number  of  coronal  coverage  restorations. 
However,  the  number  of  CAD/CAM  restorations  placed  is  likely  to  increase  for  the  following 
reasons:  (1)  Incorporation  of  CAD/CAM  technology  into  dental  school  curricula,  (2) 
Establishment  of  CAD/CAM  systems  equipped  with  intuitive  user  interfaces,  (3)  Placement  of 
CAD/CAM  technology  into  all  Navy  clinics,  and  (4)  Instruction  of  a  greater  proportion  of 
dentists  in  proper  CAD/CAM  usage. 

CAD/CAM  usage  should  be  continually  monitored  to  evaluate  further  utilization  changes 
by  Navy  dentists.  Monitoring  placement  rates  will  provide  policy  makers,  strategists,  and 
planners  with  insight  about  how  to  best  manage  current  systems  in  order  to  maximize  efficiency 
and  usage.  Additionally,  given  the  variety  and  uniqueness  of  environments  in  which  Navy 
dentists  work,  a  potential  exists  to  manipulate  current  CAD/CAM  systems  in  order  to  better 
integrate  them  into  all  Navy  working  environments. 

Navy  Dentistry  has  embraced  the  role  of  CAD/CAM  systems  in  the  provision  of  dental 
care  to  Navy  and  Marine  Corps  service  members  in  order  to  meet  operational  and  mission 
objectives.  Based  on  the  data  presented  from  this  study  the  number  of  CAD/CAM  restorations  is 
likely  to  increase  over  the  next  few  years.  As  CAD/CAM  restorations  account  for  a  greater 
percentage  of  coronal  coverage  restorations,  more  epidemiological  research  should  focus  on  the 
following  aspects  of  CAD/CAM  usage:  (1)  Longevity  or  survival  rate  of  CAD/CAM  restorations 
placed  in  sailors  and  marines,  (2)  Cost  in  dollars  and  manpower  of  maintaining  CAD/CAM  units 
and  instructing  providers  on  how  to  use  them,  and  (3)  Influence  of  dental  laboratories  on 
CAD/CAM  usage.  In  general,  these  aspects  will  assess  the  strengths  and  weaknesses  of 
potentially  incorporating  CAD/CAM  systems  into  all  naval  platforms. 
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Military  Significance 


Navy  dentistry’s  primary  focus  is  to  provide  quality  dental  care  in  a  timely  manner  that 
maintains  a  high  state  of  operational  readiness  for  Sailors  and  Marines.  The  Craniofacial  Health 
and  Restorative  Medicine  Directorate  (CH&RM)  at  NAMRU-SA  is  dedicated  to  assessing  dental 
related  factors  that  influence  whether  Sailors  and  Marines  remain  fit  to  fight.  Currently, 
warfighters  in  need  of  various  larger  dental  restorations  such  as  crowns  must  wait  several  weeks 
while  the  tooth  restoration  is  fabricated  by  a  technician  in  a  dental  laboratory.  This  delay 
typically  leads  to  a  reduction  in  operational  dental  readiness  as  active  duty  patients  are  fitted  with 
a  temporary  dental  crown  and  remain  in  a  non-deploy  able  status  until  the  procedure  is 
completed.  New  CAD/CAM  systems  shorten  this  time  by  allowing  for  rapid  scanning,  designing, 
development,  and  production  of  dental  restorations.  Using  this  technology  gives  dentists  the 
ability  to  provide  patients  with  high  quality  aesthetic  treatments  in  a  single  setting,  making  it  a 
potential  tool  to  achieve  high  operational  dental  readiness  in  a  rapid  manner.  This  study 
examined  longitudinally  the  placement  rates  of  digitally  fabricated  in-office  aesthetic  restorations 
compared  to  traditional  laboratory  fabricated  restorations  by  providers  in  Navy  DTFs.  The 
results  showed  that  placement  of  CAD/CAM  chairside  restorations  by  Navy  providers  has 
increased  each  year  since  data  collection  of  CAD/CAM  restoration  codes  began  in  October  2011. 
The  increase  in  CAD/CAM  restorations  demonstrates  a  growing  acceptance  and  utilization  rate 
by  Navy  dentists  and  also  underscores  CAD/CAM  technology’s  ability  to  produce  esthetically 
pleasing,  functional,  time  saving  and  cost-effective  dental  restorations.  Digital  dental  technology 
is  rapidly  expanding  among  the  dental  profession  and  increasingly  being  utilized  by  Navy 
dentists  both  in  shore  based  and  operational  settings.  The  number  of  CAD/CAM  restorations 
placed  is  expected  to  continue  rising  as  more  milling  devices  are  placed  in  Navy  dental  clinics 
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and  more  dentists  are  trained  in  their  use.  The  technology  is  ideal  for  the  military  health  care 
environment  where  the  focus  is  to  reduce  traditional  delays,  maintain  a  high  state  of  dental 
readiness,  and  improve  patient  access  during  times  of  high  operational  tempo. 


24 


References 


1.  Hartzell  D.  Readiness  requires  a  team.  J  Am  Coll  Dent  2012;79(l):18-20. 

2.  Portsmouth  NMC  Area  Dental  Laboratory.  2015. 

"http://www.med.navy.mil/sites/NMCP2/BranchClinics/NAVSTANorfolk/NAVSTADental 

Clinic/Pages/ AreaDentalLab . aspx" .  Accessed  30  Nov  2015. 

3.  Bums  DR,  Beck  DA,  Nelson  SK.  A  review  of  selected  dental  literature  on  contemporary 

provisional  fixed  prosthodontic  treatment:  report  of  the  Committee  on  Research  in  Fixed 
Prosthodontics  of  the  Academy  of  Fixed  Prosthodontics.  J  Prosthet  Dent  2003;90(5):474-97. 

4.  Christensen  GJ.  Is  now  the  time  to  purchase  an  in-office  CAD/CAM  device?  J  Am  Dent  Assoc 

2006;137(2):235-6,  38. 

5.  Devlin  H.  Operative  Dentistry.  Operative  Dentistry:  A  Practical  Guide  to  Recent  Innovations. 

1  ed:  Springer- Verlag  Berlin  Heidelberg;  2006.  p.  67-93. 

6.  Freedman  M,  Quinn  F,  O'Sullivan  M.  Single  unit  CAD/CAM  restorations:  a  literature  review. 

J  Ir  Dent  Assoc  2007;53(l):38-45. 

7.  Guichet  D.  Digitally  enhanced  dentistry:  the  power  of  digital  design.  J  Calif  Dent  Assoc 

2015;43(3):135-41. 

8.  Joda  T,  Bragger  U.  Digital  vs.  conventional  implant  prosthetic  workflows:  a  cost/time 

analysis.  Clin  Oral  Implants  Res  2015;26(12):  1430-5. 

9.  Batson  ER,  Cooper  LF,  Duqum  I,  Mendonca  G.  Clinical  outcomes  of  three  different  crown 

systems  with  CAD/CAM  technology.  J  Prosthet  Dent  2014;112(4):770-7. 

10.  Fasbinder  DJ.  Clinical  performance  of  chairside  CAD/CAM  restorations.  J  Am  Dent  Assoc 
2006;  137  Suppl:22S-31S. 

11.  Leiendecker  T.  The  Department  of  Defense  oral  health  and  readiness  classification  system. 
Mil  Med  2008;173(1  Suppl):l-2. 


25 


12.  Bernardo  M,  Luis  H,  Martin  MD,  et  al.  Survival  and  reasons  for  failure  of  amalgam  versus 
composite  posterior  restorations  placed  in  a  randomized  clinical  trial.  J  Am  Dent  Assoc 
2007 ;  138(6):775-83 . 

13.  Mjor  IA,  Dahl  JE,  Moorhead  JE.  Age  of  restorations  at  replacement  in  permanent  teeth  in 
general  dental  practice.  Acta  Odontol  Scand  2000;58(3):97-101. 

14.  Soncini  JA,  Maserejian  NN,  Trachtenberg  F,  Tavares  M,  Hayes  C.  The  longevity  of  amalgam 
versus  compomer/composite  restorations  in  posterior  primary  and  permanent  teeth:  findings 
From  the  New  England  Children's  Amalgam  Trial.  J  Am  Dent  Assoc  2007;138(6):763-72. 

15.  Collins  CJ,  Bryant  RW,  Hodge  KL.  A  clinical  evaluation  of  posterior  composite  resin 
restorations:  8 -year  findings.  J  Dent  1998;26(4):3 11-7. 

16.  Beier  US,  Kapferer  I,  Burtscher  D,  Giesinger  JM,  Dumfahrt  H.  Clinical  performance  of  all¬ 
ceramic  inlay  and  onlay  restorations  in  posterior  teeth.  Int  J  Prosthodont  2012;25(4):395-402. 

17.  Baroudi  K,  Ibraheem  SN.  Assessment  of  Chair-side  Computer-Aided  Design  and  Computer- 
Aided  Manufacturing  Restorations:  A  Review  of  the  Literature.  Journal  of  international  oral 
health  :  JIOH  2015;7:96-104. 


26 


REPORT  DOCUMENTATION  PAGE 


The  public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data 
sources,  gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other 
aspect  of  this  collection  of  information,  including  suggestions  for  reducing  the  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports, 
1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject 
to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently  valid  OMB  Control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO 
THE  ABOVE  ADDRESS. 


1.  REPORT  DATE  (DD  MM  YY) 

02  08  17 


2.  REPORT  TYPE 

Technical  Report 


3.  DATES  COVERED  (from  -  to) 

Jun  201 5-Jul  2016 


4.  TITLE 

Incorporation  of  CAD/CAM  Restoration  Into  Navy  Dentistry 


6.  AUTHORS 

Noel  E.  Dickens,  D.M.D.,  M.P.H.,  Humza  S.  Haider,  B.A.,  John  Simecek, 
D.D.S.,  M.P.H.,  Jonathan  Stahl,  D.D.S.,  Ph.  D.,  M.P.H. _ 


5a.  Contract  Number: 

5b.  Grant  Number: 

5c.  Program  Element  Number: 
5d.  Project  Number: 

5e.  Task  Number: 

5f.  Work  Unit  Number:  G1 024 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

NAVAL  MEDICAL  RESEARCH  UNIT  SAN  ANTONIO 

3650  CHAMBERS  PASS,  Bldg.  3610,  Rm.  181-7 
JBSA  FT  SAM  Houston,  TX  78234-4504 


8.  SPONSORING/MONITORING  AGENCY  NAMES(S)  AND  ADDRESS(ES) 


8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 


11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(s) 


12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  is  unlimited. 


13.  SUPPLEMENTARY  NOTES 


14.  ABSTRACT 

The  primary  mission  of  Navy  Dentistry  is  maintaining  a  high  state  of  operational  dental  readiness  to  reduce 
avoidable  dental  emergencies  for  deployed  sailors  and  marines.  Dental  Computer-aided  design/Computer- 
assisted  manufacturing  (CAD/CAM)  systems  are  potentially  useful  tools  for  increasing  dental  readiness  in  a 
timely  manner  with  high  quality  clinical  results.  This  report  reviewed  the  placement  rate  by  Navy  dentists  of 
digitally  fabricated  in-office  ceramic  restorations  compared  to  traditional  direct  restorations  or  indirect 
restorations  fabricated  in  the  laboratory.  Data  records  for  dental  procedure  code  monthly  rates  for  dental 
procedures  associated  with  CAD/CAM  and  traditional  laboratory  fabricated  restorations  recorded  from  January 
2008  until  July  2015  were  collected  and  analyzed.  Using  multiple  linear  regression  the  change  in  the  monthly 
placement  rate  was  calculated  for  10,000  personnel  per  month  (PPM).  Overall,  coronal  coverage  restorations 
dropped  between  October  201 1  and  July  2015  (-0.450  PPM,  p<0.001).  In  contrast,  monthly  CAD/CAM 
placement  rates  demonstrated  a  significant  steady  increase  (0.083  PPM,  p<0.0001).  Navy  Dentistry  has 
embraced  the  role  of  CAD/CAM  systems  in  the  provision  of  dental  care  to  Navy  and  Marine  Corps  service 
members  in  order  to  meet  operational  and  mission  objectives.  Further,  the  amount  of  CAD/CAM  restorations  is 
likely  to  increase  over  the  next  three  to  five  years. 


15.  SUBJECT  TERMS 

Computer-aided  design,  CAD,  computer-assisted  manufacturing,  CAM,  coronal  restorations,  rates,  dentistry 

1 16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION 

18.  NUMBER 

18a.  NAME  OF  RESPONSIBLE  PERSON 

a.  REPORT 

3.  ABSTRACT 

c.  THIS  PAGE 

OF  ABSTRACT 

UNCL 

OF  PAGES 

Commanding  Officer 

UNCL 

UNCL 

UNCL 

£.0 

18b.  TELEPHONE  NUMBER  (INCLUDING  AREA  CODE) 

COMM/DSN:  210-539-5334  (DSN:  389  ) 

Standard  Form  298  (Rev.  8-98) 
Prescribed  by  ANSI  Std.  Z39-18 


INSTRUCTIONS  FOR  COMPLETING  SF298 
(for  NHRC  Reports) 

1.  Report  Date.  Enter  submission  year,  and  include  day  and  month,  if  available.  Must  be  year  2000 
compliant  (e.g.,  30  06  07;  xx  06  07,  xx  xx  2007). 

2.  Report  Type.  State  the  type  of  report  (e.g.,  new,  final,  technical,  interim,  memorandum,  master’s  thesis, 
progress,  quarterly,  research,  special  group  study). 

3.  Dates  Covered.  Indicate  the  time  during  which  the  work  was  performed  and  the  report  was  written  (e.g., 
Jun  2006-Jun  2007;  1  -1 0  Jun  2005;  May-Nov  2004). 

4.  Title.  Enter  title  and  subtitle  (and  volume  number  and  part  number,  if  applicable).  On  classified 
documents,  enter  the  title  classification  in  parentheses. 

5a.  Contract  Number.  Enter  all  contract  numbers  IF  APPLICABLE  as  they  appear  in  the  report  (e.g., 

F3361 5-86-C-5  169). 

5b.  Grant  Number.  Enter  all  grant  numbers  IF  APPLICABLE  as  they  appear  in  the  report  (e.g.,  AFOSR-82- 
1234). 

5c.  Program  Element  Number.  Enter  all  program  element  numbers  as  they  appear  in  the  report  (e.g., 
63706N  or  if  reimbursable,  state  “Reimbursable”  on  this  line). 

5d.  Project  Number.  Enter  all  project  numbers  as  they  appear  in  the  report  (e.g.,  MOOP,  MR001). 

5e.  Task  Number.  Enter  all  task  numbers  as  they  appear  in  the  report  (e.g.,  05,  001). 

5f.  Work  Unit  Number.  Enter  all  work  unit  numbers  as  they  appears  in  the  report  (e.g.,  6004,  62001). 

6.  Author(s).  Enter  name(s)  of  person(s)  responsible  for  writing  the  report,  performing  the  research,  or 
credited  with  the  content  of  the  report.  The  form  of  entry  is  the  last  name,  first  name,  middle  initial,  and 
additional  qualifiers,  separated  by  commas  (e.g.,  Smith,  Richard  J.  Jr.). 

7.  Performing  Organization  Name(s)  and  Address(es).  Include  NAMRU-D’s  address  here. 

8.  Performing  Organization  Report  Number.  Enter  all  unique  alphanumeric  report  numbers  assigned  by 
the  performing  organization  (e.g.,  01-23). 

9.  Sponsoring/Monitoring  Agency  Name(s)  and  Address(es).  Enter  the  name  and  address  of  the 
organization(s)  financially  responsible  for  and  monitoring  the  work. 

10.  Sponsor/Monitor’s  Acronym(s).  If  available  (e.g.,  MARCORSYSCOM,  COMNAVPERS,  ONR). 

11.  Sponsor/Monitor’s  Report  Number(s).  LEAVE  BLANK. 

12.  Distribution/Availability  Statement.  Use  agency-mandated  availability  statements  to  indicate  the  public 
availability  or  distribution  limitations  of  the  report. 

13.  Supplementary  Notes.  Enter  information  not  included  elsewhere,  such  as  prepared  in  cooperation  with; 
translation  of,  report  supersedes,  old  edition  number,  published  bibliography. 

14.  Abstract.  Enter  a  brief  (approximately  200  words)  factual  summary  of  the  most  significant  information. 

15.  Subject  Terms.  Enter  key  words  or  phrases  identifying  major  concepts  in  the  report. 

16.  Security  Classification.  Enter  security  classification  (i.e.,  U,  C,  S).  If  this  form  contains  classified 
information,  stamp  classification  level  on  the  top  and  bottom  of  this  page. 


17.  Limitation  of  Abstract  (item  14).  This  block  must  be  completed  to  assign  a  distribution  limitation  to  the 
abstract.  Enter  UU  (Unclassified  Unlimited)  or  SAR  (Same  as  Report).  An  entry  in  this  block  is  necessary  if 
the  abstract  is  to  be  limited. 

18a.  Number  of  Pages.  Enter  the  total  number  of  pages  of  the  report. 

18b.  Name  of  Responsible  Person.  Place  CO  Name  here. 

18c.  Telephone  Number.  Place  CO  secretary  phone  number  here. 


